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INTRODUCTION
Heart rate (HR) is a physiological variable of control of exercise intensity, widely used for prescription of physical training in soccer [1] [2] [3] .
With the arrival of heart rate monitors, the measurement of this variable has become very practical, accurate, fast and cheap, making their use even more accessible 4, 5 . Physiologically, HR offers a high degree of relationship with physiological variables such as VO 2 , even in intermittent activities such as soccer, either in professional 6, 7 , amateur [7] [8] [9] or youth players 1, 10 . Current radio telemetry systems allow monitoring all players simultaneously in short time intervals, thus facilitating training prescription and control 11, 12 .
The use of HR as a training method is usually done by applying percentages of maximum heart rate (MHR), which varies according to the desired training intensity 13, 14 . Thus, establishing MHR is a key factor for the accurate prescription of training intensities in order to avoid errors when defining training loads. Establishing MHR can be done directly by recording the highest HR during a maximum effort (MHR obt ) 15 or indirectly through predictive equations (HRM pre ) 16, 17 .
In sports such as soccer, in which characteristics are intermittent and maximum, there is an indication that MHR should be obtained during competition, since these values have proved to be higher than in tests of maximum effort [18] [19] [20] [21] [22] . However, since it is not always possible to obtain the MHR obt for safety reasons regarding the athletes and the use of equipment in competitive games, the utilization of predictive equations may represent an interesting choice to relativize training load.
Despite the advantage of not requiring a maximum effort in order to be quantified, MHR pre can display a high error rate and high individual variation (± 10 -12 bpm) 15 , thus jeopardizing the accuracy of training requirements. This is worrying in high performance sports in which small errors in the calculation of training loads may reflect in weak stimuli, thus preventing the achievement of the desired training effects, or even generating exaggerated ones, what may lead to the non-functional overreaching 23 .
There is no doubt that MHR decreases with age 16, 24, 25 and that among the 50 formulated equations to estimate the MHR reported by Marins and Fernández 26 , only a few were developed including children or teenagers in the sample 27, 28 . Therefore, using equations developed for adults in adolescents can generate an important prediction error. On the other hand, MHR obt can display low reliability due to the particular characteristics of each match and this has not been the focus of researches.
Therefore, the present study aimed to: a) verify the reliability of MHR obt value in matches, b) compare the MHR obt of U-15 youth soccer players in official soccer matches with the MHR pre through equations.
As hypotheses we expect that the MHR obt will present low reliability due to the random characteristics and multi-dependency that the MHR obt may present in each match (tactics, environmental variation, motivation, etc.). On the other hand, we expect that the hypothesis of higher value of MHR obt when compared the to the MHR pre will be confirmed, as the game is a great source of stimuli for the observation of higher HR values, and therefore, that the MHR obt is underestimated by some equations, since they were mainly predicted through laboratory tests of maximum effort. Thus, this type of study could help establishing more effective parameters for exercise prescription, taking the MHR as reference.
METHODS
Experimental design
This study has a cross-sectional characteristic, in which a U-15 youth soccer team was selected by convenience. The design proposed for this study was developed so that in a first moment it displayed a descriptive character, through the quantification of players' MHR obt in official matches, as well as the measurement reliability through the procedures described below. Secondly, the research assumed an inferential characteristic, adopting a hypothesis test to verify the possibility that MHR could be estimated by predictive equations through players' MHR obt in official matches. After the analysis of Kruskal-Wallis with Dunn's post hoc tests, we observed that the predictive equation of Nes et al. 35 presented MHR pre that was similar to the MHR obt during match (P > 0.05). MHR pre by equations 220 -age and Tanaka et al. 33 were different (P < 0.05) when compared to the MHR obt during match (table 1) .
DISCUSSION
Test-retest analysis of MHR obt during matches displayed good measurement reliability, indicating that collection of HR during official matches through heart rate monitors can be used as a method to determine MHR obt in soccer players with good accuracy. Some studies have focused on the collection of MHR obt in a competitive situation 18, [20] [21] [22] , but none of them focused on the measurement reliability under such conditions. The present study uniquely reports that MHR obt in soccer matches in youth players is a measure with guaranteed reproducibility, presenting constancy of results during "test-retest" in young players.
For juvenile and adult individuals, a physical test of maximum effort is usually employed for collecting MHR obt 38, 39 . However, in athletes of sports with maximum and intermittent characteristics such as soccer, MHR obt obtained by analysis of matches has proved to be higher than in physical tests 18, [20] [21] [22] , besides being more specific and, therefore, more appropriate for athletes.
Laboratory situations can generate greater opportunities of controlling experimental conditions. However, according to Santos et al. 40 there is a strong tendency of the MHR obt being higher in field tests than in laboratory tests. According to these authors, the differences between MHR values obtained in these two environments may be partly explained by the fact that as temperature and humidity are generally higher promoted the competition. The athletes were already familiarized with this type of equipment, as it was part of their routine of evaluation and control of training load, even in friendly matches. Twenty-five minutes prior to the start of the match, the volunteers who were instructed by the club technical committee, completed the standard warming-up and stretching that simulate game actions.
As criterion to the MHR obt , individual maximum peak value obtained during two complete games was used for each player in the U-15 Minas Gerais Championship. The environmental temperature during matches was monitored (TGM 100, Homis®, Brazil) and was not statistically different between the days (WBGT = 24.4 ± 1.8 °C vs. 23.6 ± 2 °C, P = 0.585, Wilcoxon Signed Ranks Test).
The exercise intensity observed during matches was 85 ± 3.7 % of MHR obt . This value corroborates with other studies for different player levels 14, [30] [31] [32] , confirming that matches were played in the usual way.
Since there were no specific predictive equations for children and adolescents (by Medline using the keywords on 06/29/2012 "Maximum heart rate", "prediction", "young"), to compare MHR obt and MHR pre the following equations were selected: 220 -age as being the most widely used 15, 21, 25 ; Tanaka et al. 
STATISTICAL ANALYSIS
To assess the data normality, Shapiro-Wilk test was used. As data did not display regular distribution, descriptive statistics were presented as mean/median ± standard deviation, and also the minimum and in a field environment, this would lead to a higher load of physiological stress. Furthermore, the psychological aspect and greater motivation to . This indi-
cates that the technical staff should monitor these intervening variables, when they want to obtain MHR obt in field (training, testing or matches).
Thus, it is worth highlighting that the individual treatment (athlete by athlete) should be given, since variability in the reproducibility of measurements for some pairs was high ( fig. 1) , and also for examining that the means of differences (bias) between the test-retest was not close to zero in both games.
Comparing the MHR obt in official soccer matches with MHR pre , we ob- . This equation, despite being widely used and recommended, displayed differences, overestimating MHR obt compared to MHR obt (in matches). In other studies, it was also observed that this equation overestimates MHR in young pepole 33, 34 . This also corroborates the results found by Antonacci et al. 21 for high level Brazilian soccer players in U-17, U-20 and professional levels. Thus, the results of this study clearly indicate that exercise prescription, regarding the equation MHR = 220 -age can lead to a methodological training error for the investigated age group, since it overestimates the peak value of MHR in a situation that is very stressful by itself, such as the game. Therefore, the use of MHR pre for effort regarding by the "220 -age" equation, can cause an overload of activity planned for players with characteristics similar to the present study.
The MHR pre equation by Tanaka et al. 33 was also statistically different from the match. Thus, the use of this equation to the young players evaluated, would lead to a lower intensity training session with respect to the MHR obt , causing loss of quality in the prescribed activity. Therefore, while other studies have established the Tanaka et al. 33 equation as valid, it can be hypothetically affirmed that the use of a treadmill test to determine MHR, may have generated a MHR value lower than what would be found in competitive situations.
Other studies have found that the equation of Tanaka et al.
33
, displayed no significant differences if compared to what was obtained in physical tests 26, 34 . However, all previous studies indicated that MHR was obtained during physical tests in laboratory or field. Thus, HR monitored during a competitive situation can bring a more assertive data about the athletes' MHR obt , since this environment will provide different stimulus, such as thermic stress and psychological pressure of competition that causes modification of sympathetic modulation, what enables factors there are less probably to happen in a laboratory environment or conventional training.
Thus, despite the fact that literature points out that the higher values of MHR obt occur in competition [18] [19] [20] [21] [22] situation, it is recommended that this variable is evaluated in other situations of effort and training 25, 30, 43 , possibly due to the lower activity of the autonomic cardiac muscle, that is inherent to aging 43 . Therefore, in order to observe an acceptable applicability of the results within this study for the routine of soccer teams, the adequacy of the athletes profile to those of the present study should be evaluated, since they are adapted to workout routines and soccer competitions. In this case, further studies over validity of predictive equations for different age groups are suggested.
To Nes et al. 35 , there is no evidence of interaction between gender, physical activity level, BMI or VO 2 max and MHR obt . On the other hand, they point out that the lack of standardization of tests to determine MHR as a factor that may cause differences in the results, and conse- 
